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B HE LA R R 2l IR, R REREAHLA
e L A IZAT (5 B R A R FHK, R AL
TR B B AR R, o 2 Ah e B A (A 4H AR
FEPEIA TP ERAMTE IR SR, AR A 420 SR (A 55 AR
AR RHLAA AR H L 00 7 3 o B AR AR (IR i ) LF BT AT
P, BRI LHMRIBEIEAON), I8 R
PRI [ AL AR A T B K G e, SR BR b
S I03 J AART A VR A T AR A A, DR UE AL B R
FEMRZIREEOU T, MBS & A (s Js i 9™
AL R R S5 M B 2842, RN RO I PR SR
PR RIEAEA R e d 1. B, RS
ZIAFFEFE AT PR R, CHFARER. ITHEK, BEE
(BLENUATEE . &5 2 M2 KB RN
MR AT ) e KA RS A, R T I R
Z.OLEEE. WEE. s RREESEHRE,
I SRR L) A T AR — A, I
ZACRNA/AS B E RIRIR, T H 2 B0 MR AENLA
Lz Mhas B TP ERIE O W AR, i, &
SR JE T Fh A A2 (parabiosis) B0 4 S B0 42 H <A iR
MR PR X ik, TIFEE R, Ef A7
EfEEEMPEZNE, WAy ERY, B2,
“HCRE AR NP/ E% B A T AN BRI 41
R 7Y, FMES S e o (AU, 14 AN BT R,
ARSCFARR MBS L AT X, LRI e
L2 (i FE .

1 MRS I L

WS TRME R, BT FREE Y A B
PHIE B B J1(physiological and psychological adapta-
tion) HEAT M B (persistent  decline)E{ % 2% (loss Bl de-
tuning), FEEHTAETIOING. TR AIEAEEVERE
EAVREVEREE, BT T8 RS IR A VR AT
T, a2 T &M EURE R R B SR R B AR
A, i 5 E (blood aging)™ff: — 41, fEAD
WA SCH ) O 52 A, (R JC B B E . R
Z— WA N5 R T I E . (aged blood), W& 4
TRH, HIEmEE 2 52 AR A R LS —FF, 71
FHRE—NWAER I FRFINLH], 15 2 AR —Fh ok
FEMI TR AN, M 2 2 A IS A AN BNV
—IR. MR R N AR R LR PEIR 1 AR A,
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AL FE R AR B BNl TR N R AR K 2 TR B S B g i
FEVkEE . pHAE T P (e T 40 B it AE 77 20N AL B R 1k
PR AL AR, P KR ALIR) S B ER 1h S A =
VIHERR (T2, B RE . i 2w 2%
AL AR =BG N, AL BR A =/ R I RE ek
§OU, HLEH TR IR AR . R, B EE—
P2, M RRR, KT 2T gn i
P BE AR T K — AN B P v 30 B (metabolic  para-
digm shift), BEAEE K, T LR ARTh RS IR W B AL (FE
o mMEs AR 1L), anfe i R EZE AR AT =
SRR G P I AL R A (5 50 1 W TR e (1 20 e 2™,
SERE RN B D, HERE AR 3§ B8Ol 4
MIELR) M KE=4, J5a RN Ou IR ),
BCAFEZ N — AN E B EDY. IR KIIIRIEIER
—FOB S 5, T4 - 20 P S 4 B R 5 ()
bR EEE Y, R ARG SHEE A LR
X H R A 77 R BN, T RE A
2. R, R B —- R AMusE5E
ZWIRBHLE, 10 HL AT RE 53 B (AR . O
oG L 0« A IBAT MR IR E) R . R B A
DI AH SR EF, BRI & A A
WA LA, I H A2 — Mg K 1t U i e,
HOHE DA AT A R A A2 B2 22 AR IR, T HLf
WEWEN—ARER, HARE AT BT hiE
MDY RE IR . AN [ IL24H i Dy R P A8 25 P 76 1 o 1)
Ak KL, Rk, BT EZERAE X, REE
A RERE SO BEAERS I, 3 M M R S5 5E)
A M EBRAT ARG & IhRE 34T 1 F ik
2, RIS L IE B 66 ks, 5 BUMR R SR
(1) 5 TR P 38 vy LY R S A B A B 0T 9
., W AR R A ¢ 1 i A 1t 40 B T RE PR 1
IR L T/AH A 2. SRR, &
MR % bR EVEE), J5 3 W F6 6 B 2 AH S MR
R GUI R B A A R (v B I 4T R IR
WNTEI . BE R AR R . R A i N R R B
PE. ).

2 ABRPEMEEEE

28R g P Ty, LRSS K
HEEhE. SHACKRA AR, MRS
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(BFEIEM T A0 A2 i AT a2 i 41 P
WAFE MM EEZ (senescence), H AT HFard. FH
PR, AN 2 CRE ) 2 1 T A 5 ) I S R
J Uz ANEEL A A ) 5 R R A R S
W' (BB 2B R R R, AP ARTER)S, FE
MRA ML E K 532N, HAFHSH
LT Ih=9'

21 EMFAHAN MR

T e B E G —. G40
(hematopoietic stem cells, HSC)B{4H 41 il (hematopoietic
progenitor cells, HPC)EA H 3 fe /1 F1 £ [n) 40 A0
RE, 0T LE RN AR A U N AN ST L4 Y, 4
M ARG HFR. HSCHEEZ RN H K H i (self-re-
newal) fI F. 4 (regeneration)ft /7 F B, V48 (homing)
IREREA . /MW (differentiation bias)Z >, {HEE4E
WK, HSCHIRMEH R /1 FF, HEEAH B
It ZAEHSC/HPC ELA B HOBE 2 0 18 BE (RN B
F A, myeloid bias), R LRSI ML, RN
R D, DLERER. B R AL R
N, ZAEHSC/HPC /ML) 5 — AN B BUREAE 2 /)
Wi i (platelet bias), RIFEZ>T-(Adk K44 K1) ALl
B A ) T A A

HSCHEEMLHI AL 24 11 32 22 F0 L 55 45k () A 7
FE, WA IR O (BRI R H AR
PEL ImRLERE . R U . R RS,
BIRBAIRIE . RA T RERERG . L. T4
F e . AR R ). (AXTHSCHE % 4y T 2 fi
BT AT BB, Rl R HSCHE 7 = 2 4 N
TER IR AMER 2 51 E? 1245 i e .. WIEYE(in-
trinsic)HSC 3 & (WAL il 0 45 e b 4k T B 32 $a /X i 2%
PR LKA R B, (FROSIE ). DNAHIH/IEEFE
HilE 7 itk . RMEBALEAZ O DNAF
b, HEAMIEGEEZIM. JERIURNALS). B
oL 493 4 40 o A8 W 2R PR MERR) . B A AR S B (i
KATRTTREE B, 155 NN REUR ), S 4
¥, FEHSCHIREFRE ) MEEkL, HiET
HSCHUET=(WIETY), s T4uf e 2ok T hr
WIRTEHSCEEZHLEI 1) 2 FEME RIS 40, HATP & )
B/ EAMES BRIz, e A
K AR B SIRTuin F i, 164 EAIZZ A 74k

T(SIRT1~ 7), J& TNADHIK P& 1 2 S WAL B, 3
L i A Y 4R AR A £ 55 (mitochondrial meta-
bolic checkpoint) W 8 R A4 B i [0 45 S Ak S B (oxi-
dative stress)Fl & 1478 M i (protein folding stress)].
40, SIRT3MLTZekifk, fEHSCH mRik(FREZH
W ), e R A R, AR R RS
YIHSCH# 5 5 (quiescence) 1 ) g Hh kg H EAE H, T X
SERNPIHSCII LA K, STRT7 38 iy /b 28 4 1A
EAYTSMNE[EI A YTSE A N (unfolded protein
response, UPRmt)], 4EFRFHSCHEEASMEN. fExE
WFEF, HSCHISIRT3MISIRT7HRIA Fiff, SEHSCIHE
U T I 3 T 36 B F HSCIY 2 (regenera-
tion) fl # % (rejuvenation) B¢ /1. Bb4b, FEZHSCH
SIRT2KIE F R, FENLRP3ZAE /MA I 75 B0,
B FET R S S HS C e 2 1 5 "), 74
BIPHSCH, SIRTI1A fe b i 75 fm Al OS5k K+
FOXO03, #HIHSCH A2, M rFRSIRTI, HSCE P
BRI (EE R, MR, £ZEM T, SIRTI
Al BB FHSCHE R, 1M R B SIRT 1 B4 i 3 5 2 1
B AEAACEIAE IR R ) 2k, B g B I 4E
0

HSCHY H 355 F1 2 Be i i FE AR T i R T A 58
HAESFRNHSC niche), BFE W 411 (endothelial
cells, EC). [H]78)iiT4ii}fd(mesenchymal stem cells,
MSC). I &4 (pericytes, ELAMSCHIFHE). i
B 4 il (osteoblast) 147 4 I 1 1 - 48 il (spindle-shaped
osteoblastic cells) [AI78 &AM e,
SRR B, EVRAHAE LA AN R R B iE
MAHAREE, 721 TTHSCI RS /I F4ERFIE MRS T &
FEEP R T AR, HREEZEN
ARG MR EE, fEHSCE Z e tEAEH, FRIME
P (extrinsic)HSCEEZ P BEERIK, R A%
53 2 1Y Ko Ty g 0 1R AT 14 A8 AN 9 (o ifn A O
MSCH bR, A EE . T RIRRRE TN
AR RORESE) R AMEEHSCREZ I L EHLH . B
EC[ B +530 Ik N [ 4l il (arterial endothelial cells,
aECs)AN I 5% A JZ 40 ffi (sinusoidal endothelial cells,
SECs) /& it I P 1) s 3 R, B 46 I8 A Bl 3R
(angiogenin). Notchfit{&(Jagl, Jag2, DII1, DIl4).
1% Z E(selectin E) %X CXCi#afLIAF(ICXCLI2)AIT
AR F(stem cell factor, SCF), #IL & nichefE s #F
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HSCif S A T g e N6 38 32 B = A 1 & M R rh
RIFREEIER. i, M8 niche K/EREE
¥ (vascular remodeling), #ikF1/NEIFKIE LRI N E
177 R BE 26 A7), aECHTag2 K ik B2 . mTOR
E5 N, KREHXHSCHISCRHER; i fil 3Zniche ]
R g Thae, sECTRE T XTHSCHISZ FrIhRE,
WCHSC M BNk [ 1 58 JE B, T A097 (W15-FU) &5
B SER IR A Jag2 ™ Ja, A 38 22 i i v Il 52 e A
FJag2 kM LMK, 4K 2% 23X HSC 9 SC R 2,
MH, FZECERM NIIEE TR, MG M.
ROSTF& . ML TR AE S22, MSCR2 A28 ek
I, @ WACXCL12y c-kitLy IL-17. I A
%% -1(angiopoietin-1, ANG-1)F1H # % (osteopontin,
OPN), #FFHSC/HPCHIVA 68 /12" B A fB(endo-
steal) niche/E &2 LM 53—y, HTBCE
Mo S 2 AR FOPNYR/D, B REN KA —RYIEE
AR, B bk i B AR, MSCHUE I, {HH A
CXCR4FILD>, 1A FIROSHE AN, s 7 B ¥ i
BE IS HSCHI SRR T B S 32 408, AT 2 i 1. 7
P [, MSC/M b B 1 i 7 20 i s, 3
i 7 2 i AR, S HEHSC oMb 8 2 (2. 4R i
th, 3 _E IR REME SARLBEHSCRIh R LY, fE
R, 3-8 RIRERARE S M, WA B AR IE
2-H ERRERAEE S, RIMMSCHIL-6, f2iEHSCIH
BE R L, B RIS N, 5 2 4 (senescent cells)
TEEHE N HERR, RIS 3 Z A 7 3R Y (senescence-as-
sociated secretory phenotype, SASP ), SASPAL & JL+Ff
TR E I AEYE R (RSS2 R IR T, dEid
WOE 2 PEAR R, (23 B8 P 98 RE i S (A G 24 PR T
IL-1), BpR M2 (W ER), MR EHSCo I E 5
frfer, JEAIHIR R 1. HSCH 2 3 HIHE R A EAZ 40
JHa- i AR A s, PR AR AR A DR R 32 ok
UR, B BRI ) R, XOd kAR
HEHSCo b 1m 8 5/ E 40 i SR, T8 RGE )RR
%, MEIHSCEEZ. Mt WL, HSCHEZZ M. 4NK
PEMU R ELAE 25 58, P9 oSS R T 2
2% fy 4 0 ).

HSCHEEZ S5 MAZ ZHEMERI KA. KEEVIM
K. HSCHARE Iz ek, A8 7 R iads
HSCH 2 SEMIHE R/ EAZAM M R mfar, TkkR o 1hiae
JIRTHI 55, {8 iE B ) R, Rl ), ol S8t
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PEAA ISR U0 H & e B (autoimmune - diseases,
A PSP RIE MR . G G R 2. Bl
(UnE 2R 2R BT Lo e Y (e iR
[PI72, YR T HSCHE R (FH O HE R AR ) (1) e P Ik I, 2 I
WL I B R AE, 035 1SN LR &R 40 M (08 &
983 AN Bh ik 56 A 4K (atherosclerosis, AS)AH I Cafig I
BT A

Rk, T TRHSCHE 2 A2 P13 2 MR 38 2 AH 9k
Wi EEE gz —" B, senolyticyT (R F Bel-
24 FIABT263)id i 5 4 3 2 i fl(Zombie cells), 7]
W 5% FHSCHITE /77, [51 3, senomorphicyT 5@ i
T Z PRI R H 7 (SASP), PHITHSCHE
5 R M AR, IEZHSCHEEDY, R
W), &R (calorie restriction) ] EHSCHI H 3K
SUETAA B RE ) K DhRe. HA T RE T HIHSC R Z 2
Yk A mTORN #7 (WRapamycin). Cdc42 31l
#I. p38 MAPKAMHIF. SIRTuinii #(AINADAM 7E
F) AMPKIEOE 7740 — B UK (metformin) 25,

22 RAMAMEEE

A (RAR L. A, I MR)BEA
SR MLARIEIA, KIS B DR, HEARmH 0
BR, FEONZAR RN, TEH R B A0 B A AN BE
g% WRBH, A BENE BEHS CELET 15 LLAN TR
Bk, s, SR s g i B, 1)
RE S AR AL 3 B g T F B A 3 1 D R S H R
MU SR, HBRZHRET HHETHSC
Je L TAAN R U 2 A B 74, 170 A L 4 2
MIBETT, WA B>, MHLE] B, =W LUK,
FIHLEI L RTE), BiEH THSCH %, (HILAEHSMR
B A 522, WA & B HOMRR 22 e
FEATHLAR, LD 40 SRR AN ] T S

221 AHMEEE

JR A AT R, ZLAR L AT A R, TR N 2L
WP 75 a2 120K, LA 2 — N R ig B 2%
HIESEAR LR, WA —RIIWHE . L B
NEAREI AN D RESE A2 Ae, 32 BRI NS /b (L4
HE M), DI mAE AR 1gs). BEetEy
I, AT A SRR R A R S R, R
PR AR REE RS Z . AN Al )
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HERASE, T2 21 40 Rl i % I 19t 22 2% (phosphati-
dylserine, PS)#MHY, FEXAAEEKHCD47(“don’t eat
me”f55) . B ¥ # 5 [ (anion exchanger
1/AE1, XFrii38 A, band 3 protein) &S, # B W
G (T .

222 HYAMERENR)EE

FSCEA A0 B A R A A L 9K T 4 AR R AR A
Horpr, W PRI AN I BEAF TG 3~4 K, (H X FVE AL A6 )5,
HAE12/N NFET:; WERRPERL A M A5 A 2938 Mgt
LA BEAT 1A 3~10K; Ik R4 e 75 Ak SR, B4
REAFIG AR~ A, TTYHAE AT A5 1~2 R ZIES H 5 1838
R RZ A ) N I~3 K. i AR, P I
o &R A R B R T I ARk, (R DR 1
PEAA S 9% RGN ZE L (RPN RFEEE, immune
senescenceBimmunoaging) % VI K. TEHEREEH,
[ (R AR Fe % FHSRAF 1 (I B ) S (CURR R S 1 4
PO Re AR AEIR AR, AT LLBOE v, e )
DA A .

(1) BF fREMRFEE

IR, [ G % 4 M [ 6045 B A%/ B s 4
M. RigufE. AERZEME. BSR4 (dendritic cells,
DC). HEARFA M (natural killer cells, NK). 2%
AT (natural killer T cells, NKT)]55 AN Wrisk i (BRNK
YHHuAb, EARFLECEIE I, (H R ARG, R Re 71 N IE),
FEURAKT L KRS M) 1B e RORE, FROA R
% (inflammaging)"". JLRFIE & 9 E S5 7 45 S0
HRNE T AR IR 55 B 2K (HORR AR 1B P 2 9E, non-
resolving inflammation)™", #3% 3 BE0 K EULIE 5 2k
BICEALRIE . ROS). SASPF=4. AR HWIKTI(F
BRIE MR LR, J5 7 B R 3
(efferocytosis, H“eat me”(5 5 M HZ AT, 4157 S i)
TERREZ BT A RS ) DI RE 2 40, R S AR B A
JFi(specialized pro-resolving mediators, SPM; FLAEN
“stop signals”, £ 1F JE [N )= A AN AL AT 67, g vk
FEAAMUE LN LRI 2 —, THAERZE
R RIEVESIR (EHEAL. M. AS. B T
P BERR . KGR OCTY 28 . 18 M A 46 ) 1) g
HL Rz O E Y. AN, RiERE IR IR R
#RE (metaflammation), BPAQHHZFLCEZ M 7 —KA5
E) SR oED,

(2) B RBEMITRE

5P 5 2 o A A G 2 4T ) R S K P
TEAH S, SRATIE G e 20 A 1 T e W) B A e 3 K T i D
IR ISR — 7, AU S A B 4 g
SRR U L (43 BT ) B 7 sk 35 (R 2 B 4 )
T, WAL N EGR I, BhE g BT
S5 P AR B R A 53— 7 T, H B i it
SR, RSN RS B TAIBIK A0,
53 A7 5% 40 D G B AR G g2

(i) BAIEE

B i 52 22 (A8 Ak 25 Be IR AE B A I A 1 7R,
R g Bom N R RV EE AL [ A€ E (follicular,
FO)Y By /b . 14X (marginal zone, MZ)J
£ PURSERN e (isotype switching) 2 Hit [ 25,
SO L= A B R B R R R (LR SE R D)), 5
ST R O A4 ) ) 4R S P A S RS2 A, 1T B
PRI, ALK AR B ZERINY, BB B2
Yiif, FAEZEZ P IIRESZ ) T BB RIS, K
AIBAH A (BIZHM, £045B1aRfIB2bRg AL ) 2 5 [
A%, ERYerh, Ji# RIS E R, 1M 0
AR BIYI R B & A ) — R R AR
TgM(IE S VE)TE 2 ME B (WIAS . L. Z0E
AL PR B R Y, R 4R A, B4R EL
Bl R BE (T B 8 A BIAN IR AE /190, HrhBlagifig
(3D 38 W] e 5 AL AR 48 1 4- 1 BBLR A 41 e A
%), B4 IgM B TN X A EH R A IN(N-region nu-
cleotide additions), S F AR /E AR5,

BEAERS A, A RN B8 P — Fh 3 S A B AN
(age-associated B cells, ABCs) 2R, ZBAIIEEZ K5
— R ABCS A MR IR AL, B,
1756 (AR H T A & -2 1 (interleukin-21, TL-21)F1
T-bet, AN [F]T R BN AEAF 7 (B lymphocyte sti-
mulator(BLys)). BAMI2{AZE B cell receptor (BCR)
repertories) X DI RE(WI™ A2 H Srifd 40 whie 4 4 i [X]
T R R ABCST g Sk E B24H i (FOTE 1Y),
Je— itz R ABCsEA R M, Fh—FhE
T RIET-bet( 5 FT A ABCs112/3), 1M 75 — P T-bet $H 14 I
T 3K CXCR5™). T-betBH 1 ABCs 3= B AR M T [ A
Yo % fil ¥ (tn Toll-like receptor(TLR, 45 TLR7Al
TLRO)IBCAA), 1M T-betdk 2% AT 6 & ABCsHe A4y 4
MU RTHE. ABCsEZ o0 F 8 I M SUAR, AL
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AT IR, ABCsth 2 —Fh iR id 2 41 i(APCs),
HytR e 5158, 6815 STyl 7AMML(TEZ TN
BTSN, T Ty 1 740G 5, 73 WE 28 5 IL-17,
SR G, 25 R, ABCsik
RE A H At 40 B R [ 40T #E & -y (interferon-y, IFN-y)
FJ I8 R BE Rl F-a(tumor necrosis factor-a, TNF-o)Z%],
TR RAEFEE.

TE 22 4 ME T /N BRI P IE 1 € i 0 4 2R (visceral
adipose tissue, VAT)H &I —FhRLABCs )5 v 4 id
T BA YA, ) AR 7 B 4G 3 22 AH S 41 il (adipose-re-
sident age-related B cells, AABs)"*", F 3= i 7 i 4 v B
= T HEME (P e 5 ABCsAH G TLR 728 (R T X L 4
HXK). AABsY BT NLRP3 4 /MA(HTLR7{5
SWAE), HERIBREREEED™, SABCsHA LM
Lz Ak, $ERPE ] Redt = RO RS, (HAABsAKIA
T-bet, HiF STl AT, 7)40 5k, i B 7 & T8
FEDhRE AR 2 Y. s, ABCs(ME/
HEOMAABs(IE T L)Y, FE@UE RN 3237,
FET-PRRGHT 2, P8 78 S k5 2 v g T B ),

W5 VB (B, o )i 1 R AT 45 (naive) TEH L [71)
T Ak, S FE G e 1 FHP. T2 F2 h B, T
BEIIG O, T] BEAE &4 NPT, S A I 48 522 ) S5
K2 —. BIRB, fE T ABCSE 4 S B J 4 At 3 2
RIFAE, AHZEZ RSB, ., 4H 0 250 0 Ty e R 5 10 1 1+
A B2, BAIMEEANS HELIHLE
KYERER), T H5 2 P 2 A0 0 (Rl 2 B e
P AL, ASE)E kR

(i) T4 FEE

BEAEWSHE K, TAHME Iy B B M ik, MY
PEATAN MR & T 1%, 1 L HS B dh 1t 40+ 25 M= E 1
DRt (FER I A R he N, (A2 R IhReHY
98), TAMZEZINENA R Z M ARG/ E =L, K
S5 T A E S (WAL G, RS
6 A A B, ST R B A 8 AALAA
WM A EERHIE, —HRAEEZMAME S,

B R R Rk ep ™ ARG ss 72 an
THIMIEEZ AR, B TR EZ 10 MrE, &
AN FEARE (M2 R ;R A (thy-
mic involution). Z&Hi{A I §E[F T (mitochondrial dys-
function). it f% Fl % W & 1% 2 4 (genetic and
epigenetic alterations). & A e K (loss of pro-

794

teostasis). 4/ MRENF GG Z /A IS R): T4l
AR E Y /N reduction of the T cell receptor (TCR)
repertoire] #4640 AL FIICAZ 40 Ffd 18] 25 15 (naive-mem-
ory imbalance). THHMI%EZ (T cell senescence)s RN
MM AT ¥B M B2 (lack of effector plasticity). PiMEE
PEbR E R Z T I ERE 45 )R): FePZ BRI (immu-
nodeficiency). # 14 ¥ (inflammaging). 7EILA T35
®, AHEWRESEH, H— XL A L
(1), FIAFEERLEE RN HAER, H XL
) 86 S BT 40 i P AE AR AL, T Ak 22 BRI AME DR 35 (i 4
P BB P MO B D TR e 5 2 rh B P TR
BAL.

223 ERANY/IMREE

IR A HH B 8 AL A = AR AR AR B /N TG
Znan, HAFamAT~10K, RS H ™ EZ
2000012 LM, e NAR N A 7= Bl i 2 (4. B
R, EAZGA I RCECR G N, BS R &S
Bt BB, IR, MR g KA
Dee IR AR, BB B ARIG R BN SV
KEALHER BN REACHE . FURSHE.
Kty I 255, J5 3 ) 32 BRI e S 3 vy o I
NS 500 R BBURR P B AR, B A i S B2 (hy peractiv-
ity)™), GECELE NHIHT IR (prothrombolic state),
T VF 2 522 AR R BB (AN B JRE . BB B < e I
e ML 558 35 e A /N PRt B AL, gk — 2 34 of
FE T RASE, A PR Co i L AR (R SR L
6 ) RS0 i 4 5% 39 K T 825 T v ) S RO, if s
P e B L A 3 I O Y LI ) B SR A SRR AR 1Y
S K IL/MRIBENFI(ADP ' ERE . RE, 18
A DU 5 R 550 ) ) U M 2 . /DN v s BV 1RV
Hoor FREN A, BFEBEEREEA. TLR, EiE
REAE, PIEHR(EAMMKRTPSGL-145, NF
I /INBS - 15 400 B ) ) 285 B A5 20 B, BLA I /A 7>
WA PP ARE % IR - [ o I /A TR ¥4 (platelet  factor 4,
PF4). 21V 505 1040 il 77 (plasminogen  activator
inhibitor-1, PAI-1). ZF4EEE A, M8 PE LAWK+
(von Willebrand factor, vWF)Z5 11417, i — A
J A LI PR R RL A, R IR PR LIk S B
240 M R R G R (1 S SORE . AR ZRRLAR T RE SR,
B R R R AR DT 2 AR (B R HR AR A
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I, B AN I B SR A AL, AT 9
E2 1 | AN TR A R i 31 W K 7 ST o RN
RCS S A, A R T LV A AR, AR AR
BOK, VAR BERNAFIA M, MEEEARE
JBE T, FROAMIZUIL /MR (reticulated platelets), #5320
M RN, WML/ R I s R B R A, R K&
ML ANASCI AR L HILAH S HE PR (451, 45 1 Al 52 4% (U pro-
tease-activated receptor 4, PAR4). IR ZRA2ZIA.
BE. B TEIRE IR

ML/ e S A R 7 A 5 4 M 3 38 R S U
VIAHOC. BEAEES IS, BT B i rh 2 0 2 PR - 7KP 1)
THE (B S T4 ), TR R MRS, Ji i 5
HSC- EAZ 40 - /ARl 8 I /N AR e s AP 36 A8
B rh A Y. HSCHE RN 8 5 R A g8 22,
HSCHZ UL MU MR R, 380 5E W) Az
i ffd(megakaryocyte progenitors, MkPs)¥&, {E#tE
220 M 2 A AR A FR L /MR AR B, 5 B304 JA ot A i /AR
HoE BT e B N 5 2 4 (B
%/ EL R A ) I A8 B, R S5 2 AR R,
B RTEOA S, AR NI 5 2 T ) T
— R L, AT 2 R NG A
ROSBEFEAEE A58, oid 8 B (i 1y
B 52 B = 1 JI5E 2 [ Bk FE 4K (carbonylation), 755
MRS AL A NG IR 2 3 B e K Bl v
PE, OIS I /IR SRR B B A 2K (Wintegrin - a-11b/
B3), MG hn M Ae Zy J& A, — M A (nitric oxide, NO)EH
BRI L (guanylyl-cyclase, GC), 7=4EcGMP, 1]
MAMCREE, I FIMEEFIK, GCIEMEREF R G K
T 5225 A, LA I/ PN O/GC/cGMPIE B, AT HI
S008I /NSRS g4 R .

23 TR LAY

HEWhs B o R Wi VR A W bR V) (diagnostic
biomarker; A T2 Wi UESEBCHERRERE ) T 1 AE4)
br &) (predictive biomarker; F T MMIYT %U< N 8 iR
JT RO~ 15 AP0k E ) (prognostic biomarker; H
T AT T = KK, 2 S 2T
R ] 5 S AR 2E SRS (biological age)IFE PR, 152 X
FJE TG A AR A, R A DUT A g el
T T AR IO 5 5 PR, AN A2 A R TR 5 Re
TED R, CAAAERFSREhA) MM, HAA ] E

Y B AR Y, R AR E R
1, HARE R R B 5 3 % (unhealthy aging) FH#
I, TR A ) 5 i B 32 22 (healthy aging) fIHK A
Ko HHT I AN 2% 1 (i ROU K2
hallmarks[l]), A T 0N 2 AR R T R AR A A ) %
PREMFREZ, HoRniEA—. HArRiREIm
BREVREWA2TI 2R, RIS AT —Fh AR
WIAR DI SRR I )i B 52 FH T T 2 R N BT
fl HERI A A2, T, BSR4, LT
ANTT Rk B PN 32 22 A S B H ), $7s 2 Fh
WEMAEE, vIRESE ETINGE /). B Sl a4 5
(omics)F ARFI N L% i (artificial intelligence, AT)[K
JEFIRNLH, @it 8 S A bR SR Sl(biomarker signa-
ture; FELEE T ML), A BB AEAS HE TN 2 S HAH
IRIFI 7 THHUAF R

METES TS EHRE. A, R4, 2
VRS BV S U, WO R TE A (Tiquid
biopsy) i EE &L, tk, w2 EZEMEEY
T MR, i hn, 207 I R B H RO R AR
REMh, 4R T D, BTl T
PEAN LA/ 28 B S 2 B M AE bR ) E AR LT
SRR (F2)

Yl B b E W (cellular biomarkers): ELHE I R & HLH
A 140 AR T T30 S & Fh 4R B B A0 o b, LR
Tl 1 (2 240 ) F) L A5 R T i 5

PR LW (metabolic biomarkers): 345 I A< I ¥
Fker 25 T 2 A S W3 B D) RE(EAR 40 AR AE SC A7 &
). HAhZE 2R e AE AR SV BFESASP. AR
B--FLMEH B (senescence-associated B-galactosidase,
SA-B-gal). WUER ARSI an3- F JE 41 & R (3-methylhis-
tidine, 3MH). ITTZYHT K FRNA i K (procollagen type
III N-terminal peptide, P3NP). H &S F NS E
H T(skeletal muscle-specific troponin, sTnT)]. ‘C2EL)
fie [0 28 2 o 10 B 2SN PR K (BT PR Ak B I,  N-terminal
pro-B type natriuretic peptide, NT-proBNP). A5 H
(troponin)]. BANA EFREMI(WHMEE EHClq. BHE
M. EER. KRR

4 Fhr&EW(molecular biomarkers): HHEDNAA
B> RO . DNATT . ki K BE4R e . ki Th g
RS 155 5 B9 4 (telomere  dysfunction induced foci,
TIF). 40fJE AR . ROSF=4AE. 25 B4R G P PR
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Table 1 Top 20 biomarkers for aging and age-related diseases

FrEM AR B RAE T R iRl
97 DR 5 00 A 5 B
(IG5 P i 2B IR I Low-density “P‘(’Iljg’f_i;}) particle number L LR AR 2K
H?EEE&%%E‘EHE%E [kl Ratio of triglycqi{ie to HDL cholesterol TR BN ﬂ?@%?fﬁ‘}%\ MR
(I 2% 2h kAL 6 250 (atherogenic index of plasma) ErEIAm
fRE H(a) Lipoprotein (a) [Lp(a)] ASTESZIGEE MR B2 H) LR (R R A
7 IR Fasting glucose BEIRIE S O A, A RAET: I A
CIRBiEE H* C-reactive protein (CRP) SNSRI RE . B S LRSI
JE BKES A PR 2 Coronary artery calcium (CAC) score Lo ML I AR R
Jok B AR AR KR Insulin-like growth factor (IGF) J9RE (R 7K ) O ML 0 (T 7K IR A
BRCA1FIBRCA2JEHN 5745 BRCAI1 and BRCA2 mutations FLHG AN 9P S 5 9 (2 Ry
MSH2FIPMS 1 3[R 58 4% MSH2 and PMS! mutations 45 E Mt R B (3R ATy
APOEZE [K] 2845 APOE mutations M IBAT M (W Alzheimer'sTR)FIAS IR (GE RNl
FEMRILERIER
45 75 ¥ Alanine aminotransferase (ALT) Wi R, sE BilRT TR
HECEETR) . MR Testosterone and estradiol l%%ﬁ%&%@}ﬁ%?\%ﬁé@{%?@%ﬁ IS
iRCAS Sk Serum albumin FF55 . EFETS ML ARSI
ML LR+ Serum creatinine BIhREHIf . MBS
N T e Lymphocyte percent RGBT . AFSETS LA
S LL A B AR Mean red cell volume (MCV) FHEE . A[RFET LA
ST 53T 5 Red cell distribution width (RDW) OIEGR. AR Mg Al
ol 1 B PR Alkaline phosphatase (ALP) SFIET LA
SEH) MRS White blood cell count Vs’ N A IS
#iEZD Vitamin D CIMEBRR . AEIE KK Mg s

*Morgan Levine’s3 R AEIE T 5L F T T AR 4 4 47 0%

S LR, R FH [ EAEDNAR L, HiER
FEE S, GRG0 R N 8 AR OGS G o 4
953 kL (senescence-associated heterochromatin foci,
SAHF) A& 2 RIER — KL Z AR EY), HeT
BE RS G H I DNA RS AR fL, $R T <M
B (epigenetic clock) MR, CH TAIN A1) 4R 8.
(Ebee = N/ S KK I PNEZ S RN UE S

AR, H A H BRI RE K R, DRI
H SRR LR E IR AL T 9 1R B, wTRgn
SIS M WA FAS " (liquid biopsy), ZhAsM
PEREZ TR (A B2 38 22 S TR0 A T3 75 2 A7 05 (O
B2 H .
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3 BRI S

UM &8 S LG40 0 A B 3 2 R AN FT 4L
BRI AR, — BB R R AR T RE
g JE V(I 52 ) Y B, i JE D 5 i S 5 (B
BPERRE). MBCEZ W RAEERIR — M, HER T IR
NS SIS LT 4 5 g2k, ket —»
AR AR SRR R GE, A TTREA NG 2
PEMBCEZ Ve, #52, ARV 2 (R
HFEHSC/HPSEEE)HLHIZ 5. H A2 FEE MK
(B R BER. MR EMAE, Rl
TREEPEMR L. T I R AN M b 4 b 2R
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Table 2 Common blood-based biomarkers for aging and age-related diseases*

ZES B4 WXL S
PR SV (G E I RE
CD4/CDS Lt il i % Inverted CD4/CDS ratio (IRP)
THR 2L 20 B 4 i L £31) Lymphocyte/granulocyte ratio
kLA R Neutrophils
B4 i B cells
NK4i A NK cells
TN TY T cell phenotypes
SRRl Dendritic cells
40 03 55 L5 AR S CMV serostatus
CIR i EEH C-reactive protein (CRP)
SEnE b AN Telomere length in leukocytes
IR EI(A 73T RE)
1S Adiponectin
GRS &I Ghrelin
JH R Leptin
Bt PR S A A A DHEAS

Tt R It S A A/ e o e L 45
AR, SRR T
MR

DHEAS/cortisol ratio

Growth hormone, IGF-1

Estrogens
E 1] Testosterone.
LS IF Somatostatin
B ER Melatonin
RN Thyroid hormones
5 FhREY
DNA H 24k, CpG XL TR H 44k CpGs dinucleotide methylation
=g " microRNAs (e.g., miR-34a, miR-1, miR-133a, miR-499,
HRIET fhRNA miR-208a, miR-137, miR-181c, miR-9, miR-29a/b)
P IS U SASP (e.g., IL-1, IL-6, IL—'IO, I.L—12, TNF-a, IFN-y, hs-CRP,
lipoxins)
M MR EIRED Biomarkers of cell senescence (e.g., B-galactosidase, p16™ ")
3 Serum protein changes (e.g., HbA1C, AGEs, NT-proBNP,
i 4 & E
ERRA LR DHEAS, y-H2A X, protein carbamylation)
iERE=! REE B Lipoprotein profile (e.g., sd-LDL, HDL)
R R R P o R LA R s P A Biomarkers of genome instability (e.g., cfDNA, mtDNAcn,
telomere length, aging clock)
EREATA AR E Biomarkers of oxidative stress
o TE A T JYr e A P e e 2R Gut microbiome transcriptome

*Z:2%“Biomarkers of Longevity: Analytical Report” (Aging Analytics Agency; www.aginganalytics.com). DHEAS, dehydroepiandrosterone
sulfate; hs-CRP, high-sensitivity C-reactive protein; HbA1C, glycated hemoglobin; AEGs, advanced glycation end products; sd-LDL, small dense
low-density lipoprotein; cfDNA, cell-free DNA; mtDNAcn, mitochondrial DNA copy number
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%, HIhgeiE s, SR EANIRIEA R (32K B HSC),
HENTR R AENE FEEM S S5, o, &2
B, AR — AT IR, BRSO, A
KM RGP R E L, KBS EEEVIK
(0 L DL 22 4 IR R G052 093 (R ) A S P e ) A 49
MER U0

3.0 T SORBIBY 5o e i I

L I I 4R A ) v B AR, HURHIE 2
o ik & PG M T 5 B R 4H 4% (mosaic - postzygotic
genomic alterations), 4% #L4% 1 R % 7+ (single-nucleo-
tide variant, SNV)EAdi A\ /B2 (indel) Flitk &1 G (oA
Wi As, WOAHSCHEAL T (fitness) F1# 1 (expansion)
L7 S S U= S S < e i R A ST €2 S
10 e 36 1 3B SR A SR, WA v B I AR A =2
— R IOEERE . AT IX T I R G 1 T
P B R A 2 SRR 1) e B Mg I, 495 4 Jen e A
IR PR TR ) 2 e vt B it I SN SCR BRI v [

3% Ifil (clonal hematopoiesis of indeterminate potential,

AR R ARSI K R I = (405 LU ABER<1%, 70%
PLEN10%~15%, 11802 LA L=y NBETTIA%1/3), #K
SRR NS A 2 7 35 1T (age-related  clonal hemato-
poiesis, ARCH)"". —fi\ A, CHIPA LWL (LT 5
2 FE T DNAR S ) B AR JORE P A ik 3RS Ay, 38
i 2 WL i A% AT (epigenetic  drift), SEHSCH 7a Y
FEAH e A = AL Ay 7Y CHIPFRRAIE & 75 (5 36
B I M0 40 i P A7 AE I R AR e 578, L v P T 3
—SEMBIE, E SOE AR B I bR 12 Wrbr ik, sk
b, SRR R, KZHS50% UL ESAFIRE
6 R AR DG AR, A sk Bl —m R, A
HABENIRRE L.

CHIP# J i) e MR A R AL 3510770 (1)
DNMT3A(~15%): —FIDNAF AL, / SFDNA
F 34k, HSCHDNMT3A B S HOH F A B it 2 0 1
f5, AT RE TR HSC B 3R 5 L K R IA 1) )5 I DNA
FRIEALH M R R, 57 DNMT3A AR [ R i
PEZE7F (loss of function, LOF)]AIHSC v B i A #;
(ii) TET2(~10%): 71— W1, SDNMT3AY)
REAH S, TET2i@ 4L SmCH ShmCHE AL, #EFRDNA H
Fetk, TET28RRFIHSCAN BT Hrae figom,

798

e 2R Ak (iii) ASXL1(~3%): —Fh2H & [ &1k,
EALH2AK 197 25 532 Ak, 8 SO e 68 i A 5 1
MRS, I, CHIPH G WL = Fh LR 98 A5 1)
R MBS, 17 H 3 B S HSCEE R L R
BERIMIR R A S (iv) PPMID(~2%)FITP53(~1%):
¥))J& TDNAH /& F HE R (H AR AFEATM, ~1%),
FECHIPH SR — R W SR R 848, Horh, TP53(Zmhs
p53) A2 FIT A IR 2 ) rh 5 AR A AL TR 8 2 R (B
B(LOFZ4), PPM1DIEE A/ Fp53 EERR AL, (23 H 1)
fie, TMip53 L AE_EIHPPMIDIIRIE, TRIE R BRIRER,
{HHEHTTPS3/PPM 1 DR AR [FJHSC I 86 R 71k i £ FE A
B, M5 Y AR, ERIXEEDNA
PANE A R R 2R, T e R e T g 1 3 ) 3
REREME UL T R 25 . Nk H%E); (v) SF3BI
(~2%)FISRSF2(~1%): ¥ ARNA B 2 KT (AR (.55
U2AF1, <1%), HH1SF3B 12 M g o e i 1 o8 A%
FERZ —, AR MR 1 5 —FpSL R o g, T
SRSF2AIU2AF1 248 #) 3 B 56 R AH G, (vi)
JAK2(~1%)FIMPL(~1%): JAK2ZAE(UNV617F) NS
% 2845 (gain of function, GOF), iMPL 2 Ifl. /MR 2E Al &
(thrombopoietin, TPO)ZAK, #5455 G S FFJAK/
STAT&4%.

CHIPA & JEAE— i, 1M A2 — Pl Ak s
(precursor of disease), #A™TA= FH g BE 4 1 75 3
L. FIRCHIPH I R AR B AL <28
—RFT >, SRR v LR (R R R R X
([ SPE 8 & [ % (acute myeloid leukemia, AML)
PRSI 29 1045], T b 3 TR AR A1 2 2 e o s L
(LRI AR, $RIRCHIPAMY AR R B I 52 2 1) -
WA, T HLCHIPOIG A2 HAH S I L R 54, L Fidk)
B B2 5 El R Sl M I 5 3 A O I R 1 K
AR 5 CHIPE FEAR I 55— K 20
o T/ 98, 05 ASHH 592 975 (A e O 973 AR 4 )
(o RS 2 IR O, B4R i b R CHIPAH ¢ () 3 [A]
RAF(ALFEDNMT3A. TET2. JAK24E), &350 &
B, RERMEEERFERR . —, WTEASH K IE
EEERT. i/ EAE TR R, WHSCHZ S
FHIBE R A, t N CHIP S O fiRi L850 22 1] f
e R PRAE TR, IBAN, CHIPIE S5 22 R HAh B (5 3
JE B L 1 BB P S ORE M, WS e BH ZE 1 I o /
COPD. HIV/EYe. AERE. FEIRW . RGVEMEIL S
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9\%[67,70].

U CHIPS Z R iR ¢ R EE Y, H—R0A
NCHIPYE N — B IR BUE R, HA T it
ATFEERTPE T TR — 5 B AT kg0, (e —
M2, CHIPIEAEZMREZ —, MUERAE. L
I I (AN AS) I8 (7 ) 2 I ek 980 ) %% DD AE R,
1M B 5 AR AR AE R AR O, oS bE U7 RLVE v e ik
B2 (1 T i

32 RPN

LHETMALREZ MR FERY, HEZBFEAN
(654 )i WIKIBIA, MR A N10%~24%(>80% &
5 NFE R 3540%~47%) . BSRIMLZ1 2 1 (hemoglobin,
Hb) /KT B AF 8 G T R B, H 2R 22 1 B2 B i o
R bR, (HRIER AR TN, HRe 2 2 A
NPERRDL . INFIRE S S TG L&, 8 NFET
(KA ST S [ R R, ol RS2 b 7 % R 4R SR HD
SEFRAE S IEAEAFARIR R, SHEZ TR JE K E
BEIRWMEFENZ R EREEBIREIE. H iR
842 5 & 1F (myelodysplastic syndrome, MDS). 1815
i THATE G MR AE, P T B I, (AE K24
LT, ZHET R 2 0% A2 45 R0, $E M b
TR H A R 1R LI R (RP 4k & 1 24,
e B R W 2 )8, AR B AR AL
i, PRSI R M) N BA R DR (H K 2 2R
FHW R RPN (1) B IR A (nu-
tritional deficiency anemia): B & WL oASRERME R I, Ak
MR A R B126 = S BN B Ah4E it fE
RERNZE, EIRMEIRMa T A Fs e, HAER
Ll EIF AR ZER, BRAEEZFEANNEFRRZ
PEFLI, T3 S80S R S0 A B S5 1A
Rl e H BEATHSCHEE), LR i, % L2 IE,
WY ORI 3 B 3 22 T HAW AR BB 3 (B1) 181
P T2 1ML (chronic inflammation-related anemia): H4F
TERE A m AERES, 51 4040 M 2E Bl 3R (erythropoie-
tin, EPO)/= A/ (B 410 2 AH 40 H X EPO S o 1 [
)~ R IR ) e 0 4 L 2 s [n X AR P B 2R Gohet 8k
FRY S SO B 14 n, - BRER K 2R (hepeidin) 3 =, kb
J¥7 T R IR AT S L D 5 e 00 B PR R BRI, T S R
TR A T 2 ST 20 Y Rk PRI B ) EE EEFA YY) 4T
AT (eryptosis, HITZ AR EFREBLES

PR — Tl e Wk A FHD ) 16 00 T e 5 e 4 Y 7 Mt - 375 B 41
NP EEA DG, (dil) v P& i AH P 31 1L (CHIP-asso-
ciated anemia): CHIP{E i %8 1 32 2 (4N1L-6FF 1=y), it
HIHIEPO ™ A BSOS BRI 3R, 512 ML, ot rT R %
i VR I — o, 224 300100 4 AR 9 2 (% B 3R L)
B SUAN T B MDS B H At i B e 5 38 A2 538 1112 W
PR, CHIPRIS Ky SCR B ) o e A of 4 e />
JiE(clonal cytopenia of undetermined significance,
CCUS); (iv) AHEfEREHIFE M (unexplained anemia,
UAs): ARIEH B9 70 A5hr i, M40 M ME B = 551 (F
BhF 8, XAR-EMDSZWbRE, H GBS 5
ML B, 7 SN I SR B FR AR 25 A AL 4 e ik
/b fiE (idiopathic cytopenia of unknown significance,
ICUS), #RIANTLM, WL LI FICUS
(ICUS-A).

B TT L, 2 AE 3T MBS W40 S 4%, I Fs Rl ()
SRECE)E, DaIT iR TR bR, #Fx4g—hr
ZAETLMLERS, N SR IRAE BB L SR, JF2R &%
JEILREGPIRBL (G R) LB 97 7T BE 7 R 1 A HI A6
AVETE A, A ReE R AT AURIE ST T
R, AR TERE, EX R T AL 8 24 [ andh A
%5 5 A ¥ (hypoxia-inducible factor, HIF)iZ Bt 2 (LG
FMHIF) WOE R (activin) - 1T RS2 ARBEN ) 2RI A
IR, T REAE 2 4R 37 i o Kk

3.3 HERPH

BE RAMMAES TR E HEZOIER, TR
FE 2 X3 SR 5 W i 2R AL A T IR B i AR R 1
T EEHERETT, Xt T R BE R R[S IR RS R i
J# (chronic myelogenous leukemia, CML). S EHE R M
MJ%(AML). MDS. #8558 14 i J8 (myeloprolifera-
tive neoplasms, MPN)&& /5 & T& 4 N (R A2 CHIP
o EO MR IR, fE R R, SRR BE R 40 M S
JoT % G 5 20 O AH B, S (R a6 PR B, Jdad
il TE 8 AL, Rk T B R R Y, S B R
R () AR AT Y. AR R, bR R
(ELHE MRk R, Rl ) AU & T 24
N, BT AR BN, HI =R AL (B
W R G OARIAS . AN A2 . BRI AR, R
M S IR A X, (BAEZAE R, AMUX L
L (BB L) 7 8 I R AR A W 25 3 v, i HL el
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TR IR A PR I A AL (Rl iR HSCRE 2 K
RO B G WA I N, B8 AR IR
(B0 I8 2R AN R TR B A W S s i, O R R R
IR =R SN Pl S 5D il N R~ S e
FoPifE A7 R 22

A, SEIERE R AN [ A e fE S (ITLR
o)A, BTN R Ik, (EHERE R
ol 38 AR P 2 s 22 AR K VR R T, TR B
PRl A 1 P ZE PR 1 (WImiR - 146a), M58 4S5, 8
FHHSCH ¥, WA R MR AML) & A4, Bk
BE R A0 51— A KRB A Z 15 5 2 NLR (nu-
cleotide-binding domain and leucine-rich repeat),
PAMP(pathogen-associated molecular patterns)E{DAMP
(damage-associated molecular patterns)¥iG, fAEiF S
NLRP3 % it /M I 4 £ T (pyroptosis) . X Ee{iE 48
55 A BB R PEROA S, 80 1
T4l (leukemic stem cells, LSC, M FRleukemia-initiat-
ing cells, LIC)JAEAFAR 34, TSR ZhHE 5 M8 (WiMDS
MIAML) ) FE, AT BT SOASEREE . DRt 42 1) 28 5E
TRl A T T 2R R s e s,

FLR, FEZMICHIN . AMIEE P 300 5 B AR
JHRE B R A R, B AT TR A P o ) R BT R
AR Y L 3 A B UL 3 A S A (B A TR T Y
TR AR, e WS 50 kR 20 A B A 5 (R
YRR 1), EATRRE MR A A S . IR i
2 0 R A B T A 4, L RE S ks B
AR e AT, K S R 2R (R E TR )
FREAE 2 A2 (A0 B R R He sz Ak . TS 50
A B, IR TSR R R 2 i ot 4 i D D
(WIMDS ) s B I [P 8 4 i (A AMIL ) R B A5 5, 0
A RETCIRTERRGRAE) MR 4l i, H T 25048 o) RE IR
TR FER AL AN M R Y el oy THE L ERE R,
B 28 IR rh AR AE 2 JONE T R 1) (RIS, T
AEZFE S, X EBE A RSB G A A [F 5
We. AN, — b R S RO R IR S A e
Y38, 55— R PR AT g i A AT HS CERLSC,
SHCEBEDIRE AL, T HAR R 7 AT B AR 5 M
1M H., IR JOAEAE = 10 B B35 1 A1 ) BE W] BE BE B 1Y)
BRI AR AE BN, BeAh, RGE B B 3 R E) v
By I8, H AT REVE e SO B — o, 40 Bk
i,

800

TR, RANEZERZ ™ 1) 22 Fh 4 i DR 155 e 4
FIEH 0B PE AR, J8 gedid) B & i, &0
O v B R LAY RS, (R BELE AN [RIRE FE b R
HREMOAEE. AN R T X BE R AR s+ B
gk, ANEIGHM 7 R R AAE D R 22 R, RIS F —
e B BT 1, 9 AT BRI S A R 5 38 o A [ 48
H R FEAS R (BAH R FIVE . 4T, #Rm 2 Fh RS
(BHETLR74> T 4. NLRP3AAE/MA. £ET2. cGAS-
STING. CD47, KZF4ffuA+ W TGF-B. TNF. IL-
1B+ TL-6%5) 4T 4 s IEAE AR % U7, (H T %
i J2 N 7E Bl 2R i e o B R R O B R B35 R
PE, BRSNS, HkE 2 M8 6 T7 A e #2 r 28
KRS B EIRf, IF5E.

RE I

BRI K, 2 Btk B0 (R ol 2 S 1 i 8 ) 1
KRR B, HEERRNORE: fEee 3
XoF Ji IR P G g2 I ML R D955, i i R R R IR
IHRESZHR, FRl 20w 5 2 R n, i E bR E
[RIRE )T B, HSCHEZ FEU v FE PR il (clonal  restric-
tion); bR FR A A s A5 R UL I8 % A SR X DN AR 5 1
SR, NTTIREN 2 B BRI R & R SBER M,
MR W FEREAETECHIPAUR A M e R AR e, (HH L)
RAFFERA BT, FEW LDNABG N
Bl RIS BEEE . BCRIES%, S5tk &M
Fy IR & 35 A T,

341 JEEFHFEME R (non-Hodgkin’s lymphoma,
NHL)

i WLk R R, AR — 2 i S P 1 A
WRELGH e FE R, 2 WL T65% DL AN, )
oo, Hh, a2 REEERECMY,
EBV, HHVS, HTLV1, HCVZ)E4L, /& ZE bk R 1 3
EIRH 2z —.

5712 KB bk EL9% (diffuse large B-cell lympho-
ma, DLBCL)7EH 23 BEAHIE _E AR08 22 5 A K, (HIH
BRI RE AR ES. ZHEABFLUABCIE R
BN W, WA 2 SRR R (W k. AR
W iR DD BE R RS ) S BT T R RIBCL-2 5 R
ik, FUEHE™. 54, F4EBVIITEDLBCL[EBV-
DLBCL-E, & X AIEFfHEBV-DLBCL(EBV-
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DLBCL, NOS)], F# 5EBVEH A K.

JEVIIR LR (follicular lymphoma, FL)& % 4
Wy =, HAAER(W1>60 %) R FLE) £ B EKK &
Z—, 5T EEFEHK. ZEEREFLIAY)
2 U N W) 9848 41 fif (targeted  mutation  burden),
B FERFHER RAZ B/ T e RAR, 1 5 & AR A B
SERY SN, K B A R ER R MR IR ST 3R 28,
{H—EB 5 224 5 3 L E & K (non-relapse) - HAZE T

PP b B 40 i 9 40 P (chronic  lymphocytic leuke-
mia, CLL)7& P77 B 504 N i i L ) IR &R Gl
B, Wie P ALAER>704 %Y, BARCLLEE T 4k i
R A, {HCLLEE HSCHE ™A H g PR 5 &
i [ R BN (RN v BEPECLLAE BN ), S5 8500 v B
B4 bk EL 41 g 4% 2 % (monoclonal B-cell lymphocyto-
sis, MBL), /£CLLHJRTH, i BHCLL & # fEHSCHIr B &
PR TR, W AE SHSCEE A XY k2K
FCLLEH R T HWA L, YWHICLL S —FrE
PERIEE, (HANRE R 2 oM N AEAF. T CLLY)
AR, MORHA TSGR TR CRE 2 32 58, ILEIR) 2
VAT 77 I ™,

342 ZHMRIEZF SR (classic Hodgkin lym-
phoma, cHL)

ZWFHERN, BAEZENBEP A R8N, -
ECHL S G ik i s 5%, (HAI A5k RN Z 1%
AAK. cHLIE I . SEBV L/ 4 5%, EBVAH
KMICHLE Z4E AR B ONH W, HZ it R (B
FER . RREIRGLZE), VIIE 5 R cHLIAIF/E I 2
ZE S CREE BB T AN, 13 DAUR A 40 R 5
F), MBREFEELES S5 EEEBVAFHLI R AR
E%BO].

343 Z RS (multiple myeloma, MM)

MM 2 W T2 N, W12 AR 702, H
H134%~ 40% B FFR>T5 81 MM — &R ok
FEARML ) ve BEVEZ. — 7 TH, M TCREIR K = SR W )
B [ G 28 BR AR [ IfLYE (monoclonal  gammopathy of
undetermined significance, MGUS)H & {H Y& #EJ%
(smoldering multiple myeloma, SMM)[AH AEARMM &
J&, LUK 112 (newly-diagnosed) MM(NDMM) ] & % /3
A (relapsed/refractory) MM(RRMM) 3 21 i [ M1 55

(plasma cell leukemia, PCL)IZEREHT, ieg 5845 4 fuf
(tumor mutational burden, TMB)FIZk k& 14 41 i i % 2%
S (AN L B4 A1 7p ik 2) 1) W 2 39 0 (F 7 B ik A
FaE s m), HAS TGS A B 325 AH G CRR ) 2 4H i 15
B2 H), WU T IR MM K A FE 1) A 72 [
£ 57, MMIFAS E A T BE N,
B BB 0 2 O, (R B R, MM
I X 5 S 5 PR ARORS A 2 I 2, T 2 A/ 40 B gt
A SRR, B I ELAR R, BRI, R
ZNMM4H i H A LE DR 2 R AR A 31— 72 FE (A =,
FONT B BE IO B2 (ME BB 2R B AR 92D 28 3l 2k
2%, BIMME &8RS A BAEH 2f —
JE IR, HEEE T B0 B BE A B LSO CRe nll /2 & 1
FEHMHSCHEZ) & HHIMMME KA. R,
MANE . MM A RECOyEK, HERREMR, RE
KB MM B K H I RAERA w12, HAEISH
I g3 Fe2 0 s 301, s S MM A 4 v F 4 i
A2 S IR L W 8 v T 0 7 R R, BiE O
R BB T e )P

TE LRI 254X, X FNDMM &3 197
ROANAAE OB 3 s, HEFERECTSH)EAAR
W FRES, JET O FHIBET) KU . B ik
oA £ R 36 1) e 5 BUT U S ZE LA, MM 2 R4t
MZWEER 52 RAAE, Rl R 5E . (A L13)
SRFREMAH I, FEOT 2 E 0 B H IEN 2 ARk
TBYT, RVRYT R I d R R R, AT U
AL ZEMMEE I SPIRAS,  BAIX 4 3 55 (frail) A {2
BRI (Fit) s R AR I T T R 04
BRI A 1R).

3.44  ZEWBRE M E 20/l (acute lymphocytic le-
ukemia, ALL)

Z 0T JLE(80%), MNBAMSI, TWEFE N
(>602) ) K08 AN 5 B NALLA16%~31%. ALLSE—
Folr bk EELAEL 200 PR R PR e AL RSB B R 5, 5 LEEALLER
BTG RIFAHR, BN Z 4 N)ALLK Z 15
KIS, SPEEEYFRERR. gpREE ) -
AR E 34 22 A k. ZB4EALLLLRTBAH i (pre-B-cell)
AR B ALLA E(TARBALLE D), HEtEa Wi
PEA B R (InPh/BCR-ABLBHTE . IV %44 (hypodi-
ploidy). R ZAZA) . L. JRITIN 22— BAE
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& ARG T 40 F24E, allogeneic hematopoietic
stem cell transplantation, Allo-SCT)Z4% 5™, 4
ALLIRTTAT5 & — I PR HE .

3.5 BN/ IR

RNV ERNHSCHEFER K MM, ZHFENP
A% A0 i e 7 2 I /I S 384 (55 L/ A fe
J BN 168 1354 5, I RB N I Ag
e B LA, AN 2 R T A A S f I S
SR M RS (I RITR) Y, 17T L5 9 2 B
Hk AR B DIAEOCTY, B3 4h, BEAEIS R, EAZAN A
WS E LIS A DI RERIBE TR B, TG B 4
MIRE /g5, RZFENEREREEET RGN E
BRNZ T Ht, % S EE AN L MRS
REMIALAL, AUt Zatie, mHZ 52 MEHEME
PRI (ELAE IR SRR 0 R AE AR T (HE, B4
PRt /N B 90 (A A I 2 22 A ek >
AE L 5) AN /D LS L, HL 22 4k T oAl
TR AR G, TS TEE KR RAKEA ).

3.6 H5

HHGE RN W ZFELE SR, REFEREEN
I B BRSO TR LR, IR A Sy 5582, 3L
T AEZE GG R A AT, NI RIS TT BT o) R
EEZANAAEES TR, 2235/ 5 NEEER,
FHOTA L HMEVE SR B S ESS, AT 3 B
oot i B A7 TS AN RS R RS, WS 9T U
87 22 1A 77N 1) 45 52 5 R 6, 8 99 AN e i k4
# (chronological age)fi ¢, M 5 5 22 [ /& AF B 22 AR W8
(physiological age), X HR EW) 444 (biological age)dy,
IR FE#S (functional age), H KAARGERES. A
FiLOLBRES. . JEHY. BERRES
U R R EAIEREACE R, DLAE
H, K&, B8, BEIR. A8, RO, RIS
21

TEGIIRVEAL, X Tk E 24 B 10T J7 R (A
AMATPERIM 52 PE) 2 O B . [k, ®EAE A 1550
PrAe bR 5 AN R R RFAEVEFR AR, AL AN [F] 2R Y
I (R ) 2 AN 7] (1) 5 4 T e 8 ) () A e A o 55 DAL
T H (disease-specific measurement)'™”; [FI, % &3
SPIRE BB BACE LI TPl 3. H R R
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559, AN 4 1) 40 B B §IRE), #E 2R3
)AL I AL, IRV RIS PP 45 2R, JE T AR T
JE (G frail & DA IR IT IS RIER . BG4
JREAE, Wi N DA &7 AL R E), K
PR R YR YT 7 %, DU IR T AN 2 B BEYR YT,
T S B4 A P XU 3 2 P 9T 1 (risk-adapted — ther-
apy) B 52 9 7 Il {197 V5 (frailty-tailored therapy)'", LI
HAY) S o0 22 A LV G iR ) R85 1 2 35 o o A
TiJ5.

gr BTk, BEEHSZRAGRAERE), ®E
Jo FAH Q22 A0 1 i O R B N i e . s e 4
DAV R R EE R Z, 1 iR %= & (healthy
aging)RE 7 & NK MR a2
FCA A A B EE R R A FU R OR, 5 AL R G1/48 H
— I, MR G (B I 2R 40) 1 2= Fif 4 08 1 35 K
FE. HAr N, 5MBEEZAHKKHSCHEE . %k
B RUFEE, RIS 5 THUELILTFE 2%
BN, 5% Ol BN 38 A R E R
TR TR M idek. BRI 3 E > (blood aging)fE
=A%, G R EAEH, BT 8 SR
27 H T ReAaE b e si? H A A . AT
A E X, Sl s 2 AT e X, HME
7 HATREYE K A1), R AR AN D) 4 1,
TEAEVE ZAE 1S R ME R b 7 . AR5 00 A2 o3 B 1L 9 3 22 B
WRISFA R BER . WREH, BHATET R
2 (hematology) Tt %, {H I3 % & (FEl & B BEFIHSC
W) 5 EH BRI T IX L M55 R A TR R,
5 BV MR 28 NAFAEAE T 22 /T 2R AR i B
I 9 2 2 B e W A M v 3 Y L (B )
1) S 5 AR A B s AR S R T 2 A A ML 9 s ) 3 2
S B R IV 5 () 5 S, AL 5 ) P S 2R AR HE AR
JE, ARPE— DR, MR AR — A0 % AU,
YHTAEERPREIRZ. BATIAH, HCSHEZ & Ml %
(G B A B BOAR YR, T H S Z M E TS
BHEMEZAEHETIFILR, MHSCEZ RN
TS N F0UE 22 AH DS CRF 0l 72 L9 92 9 ) 4 3
SN H BIHE R, HSCHEE NI B AR G T TSR B 1)
B 58 A1 B9 24 10 28 2 B UK f R 2 —, (Bl 5
FLAWIERN,  KILHSC 3 Z AL 1 5 4% 14 1 H il
. PRk, HSCHEZALHI A H 5 38 20 %9500 1 PR 2R
KFR, KT I 2 0 e S (R L0 i) i, 2



PEBE: ARl 2023 4 53 % 6

| | | | L |

EOTFAE BN DRNEE RREN . e e g P
BEmE  BBRE WY CHP) K & & & (i)
| O R KB
| ! | S 8 & w<
Ao =7 =t o) sy
=Z =Z M/ RERZ | i G I I 1
| 7 FEEDH =
| | S ge 2 BENH) 2
“1=1:1= s 5
BERE BRI 111 H1111
BsE PR 5 e ﬁﬂ%j%%%
] Iy U N o = 6
1T 1T 1 11 — e EE ogo&E 3 5 =
s B oW E B » = - El® 8 22 W3
o x wE Bl ®x w S C&% 554 @
sg g 80 8 8 & g B ® =
#% I ° ¥ &£ 5 & i L =

B 1 M2 AV IR 2 e i A B AT Bk VRO 2 PR 7y, A ARG I T/ A e . R I 4H (R 21 4
Mo, A, MMR)EERE . MRKSEEREYEE, TEE N OFF RGN, LR BRI, WREN. B R/
BB BOESSSE. 45 DC, WIOIRAM; NK, HAARDIA0M; NKT, BRI TARL; CHIP, & SR I 1 5 R 1k 12 i

Figure 1 The scope of blood aging. Blood aging is an emerging field in aging research that includes physiological and pathological blood aging. The
former includes hematopoietic stem cell (HSC) or hematopoietic progenitor cell (HPC) aging, aging of various blood cells (e.g., red cells, white cells,
and platelets), and blood-based aging biomarkers. The latter includes clonal hematopoiesis of indeterminate potential (CHIP), erythroid diseases,
myeloid diseases, lymphoid diseases, megakaryocyte/platelet diseases, and frailty. DC, dendritic cells; NK, natural killer cells; NKT, natural killer T
cells
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Blood aging: definition and scope

JIN FengYan', XUE Hua’, SUN Liang’, LAN MaoZhuo', ZHANG LingYi"’, ZHANG JiangBo’,
TIAN MengRu', LI YuJun®, LI Jian’, DAI Yun' &
Committee of Experts on Hematology (China Society of Geriatrics, China Association of
Gerontology and Geriatrics)

1 Department of Hematology, First Hospital of Jilin University, Changchun 130012, China;
2 Department of Hematology, Affiliated Hospital of Hebei University, Baoding 071030, China;
3 The Key Laboratory of Geriatrics, Beijing Institute of Geriatrics, Beijing Hospital, National Center of Gerontology, National Health Commission,
Institute of Geriatric Medicine, Chinese Academy of Medical Sciences, Beijing 100005, China;
4 Laboratory of Cancer Precision Medicine, First Hospital of Jilin University, Changchun 130061, China;
5 Second Hospital of Jilin University, Changchun 130041, China

Aged blood is often considered a source of aging. Numerous physiological and pathological changes occur with increasing age,
resulting in dysfunction of hematopoietic stem cells (HSCs) or progenitor cells (HPCs), immune senescence (or immunoaging), and
inflammation. These age-related changes either drive or contribute to the aging of the organism and various systems and organs, as
well as cause many age-associated hematological diseases (particularly hematologic malignancies) in the elderly. However, although
the term “blood aging” has been used in a number of studies and in daily life, its definition and scope remain unclear. Several aspects
of blood aging (e.g., HSC/HPC aging, immune senescence, and inflammation) have been widely implicated in virtually all fields in
the aging area, except defining blood aging itself as a field of aging research. This is in sharp contrast to the burgeoning field of
clinical geriatric hematology. In this review article, we attempt to define blood aging and outline its scope to facilitate future research
and clinical practice involving this emerging field. Based on the general definition of aging, blood aging can be defined as a
progressive decline or loss of physiological functions of the hematopoietic system and blood (particularly various blood cells) with
age (particularly various blood cells) and a decline in adaptability to environmental stresses, leading to an increase in the
susceptibility to hematological diseases (this definition is open for discussion). The scope of blood aging covers both physiological
aging (defined as the gradual age-related deterioration of hematopoiesis and blood cell functions, including aging of HSCs/HPCs and
various blood cell types, and aging biomarkers in the blood) and pathological aging (defined as age-related or aging-associated
pathogenesis of various hematological diseases, e.g., clonal hematopoiesis, erythroid disorders such as anemia, myeloid or lymphoid
malignancies, hyperactivity of the megakaryocyte/platelet axis, frailty, among others).

blood aging, definition, scope, physiological aging, pathological aging
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